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ABSTRACT 
Objective: Present study aims at the evaluation of antibacterial activity against Escherichia coli, Proteus vulgaris, Staphylococcus aureus and Bacillus 
cereus, antifungal activity against Trichophyton mentagrophytes and T. rubrum and anticancer activity against human lung cancer cell line - A549 of 
extracts of Homonoia riparia Lour. The extracts showing antimicrobial activity were further subjected to phytochemical analysis to determine the 
major group of compounds present.  
Methods: The procedures used for testing the antimicrobial and anticancer activity were as per the prescribed methods.  
Results: DMSO extracts of male flowers inhibited growth of P. vulgaris and S. aureus whereas, aqueous extracts of both leaves and male flowers 
inhibited growth of T. mentagrophytes. Phytochemical analysis of these extracts showed the presence of tannins, saponins and flavonoids in leaves 
and flowers. Tannins, saponins and flavonoids were separated by traditional extractive methods. MIC of tannins from flowers was 50 mg ml-1against 
P. vulgaris and of tannins and flavonoids was 40 mg ml-1against S. aureus. The extracted tannins, flavonoids, saponins and steroids and triterpenoids 
from leaves and flowers inhibited the growth of T. mentagrophytes. TLC of these compounds showed presence of a few common components in the 
leaves and flowers.  
The ethanolic extracts of H. riparia did not exhibit anticancer activity. 
Conclusion: The leaves and male flowers of H. riparia possess antimicrobial activity. The tannins, flavonoids, saponins, steroids and triterpenoids 
are present in leaves and flowers and inhibit the growth of P. vulgaris, S. aureus and T. mentagrophytes.  
Keywords: Homonoia riparia, Escherichia coli, Proteus vulgaris, Staphylococcus aureus, Bacillus cereus, Trichophyton mentagrophytes, Trichophyton 
rubrum, antimicrobial activity. 
 
INTRODUCTION 
Herbal medicines have been widely used and now form an integral 
part of the primary healthcare in many countries. They may 
constitute a reservoir of new antimicrobial substances to be 
discovered [1]. The plants of family Euphorbiaceae are traditionally 
used to cure several diseases. Homonoia riparia Lour. is well known 
for its medicinal properties. The powdered root of the plant is 
laxative, diuretic and emetic. A decoction of the root is given for 
piles, stones in bladder, chest pain, gonorrhoea and syphilis. 
Powdered leaves and fruits are applied as poultice for skin diseases 
[2]. Although H. riparia has medicinal properties, there are very few 
reports on the antimicrobial activity and the phytoconstituents [3, 4] 
present in this plant. 
Present study aims at the evaluation of antibacterial, antifungal and 
anticancer activities of extracts of H. riparia and the chemical 
examination of its dry leaves and male flowers for their 
phytoconstituents.  
MATERIALS AND METHODS 
Collection, authentication, drying and powdering of plant 
material and preparation of extracts 
The plant material was collected from Sanjay Gandhi National Park, 
Borivali, Mumbai and was identified and authenticated referring to 
the floras and Blatter herbarium specimen. The plant materials were 
washed under running water, dried in the shade, segregated in root, 
leaves, flowers and fruits and powdered and sieved (mesh size 1 
mm) separately. 20 % extracts of the fresh and dry plant materials 
were prepared in different solvents (distilled water, ethanol, 
methanol, petroleum ether and DMSO) by crushing them separately 
in case of extracts of fresh materials and by separately soaking them 
overnight in different solvents. The extracts were filtered through 
Whatman No. 1 filter paper. The filtrates were then passed through 
Millipore filter (0.45 µm) and used for further study. The extracts 
were prepared in triplicates. 
Antimicrobial activity studies 
Antibacterial activity assay and determination of Minimum 
Inhibitory Concentration (MIC) of extracts  
The antibacterial activity of the extracts of H. riparia was tested by 
the disc diffusion method [5, 6] with amoxycillin-10 mcg/ disc as the 
antibiotic (positive control) obtained from Hi-Media Laboratories 
Pvt. Ltd., Mumbai, India. Sterile Whatman No.1 filter paper discs 
(6.00 mm diameter) was dipped in different extracts, solvent 
(served as negative control) and amoxycillin. They were placed on 
the Nutrient agar plates inoculated separately with Escherichia coli 
(NCIM No. 2931), Proteus vulgaris (NCIM No. 2813), Staphylococcus 
aureus (NCIM No. 5021) and Bacillus cereus (NCIM No. 2106). The 
plates were incubated at 30+2 0C and the microbial growth was 
checked after 24 hrs. The diameter of zone of inhibition (ZOI) was 
noted. The MIC of extracts inhibiting the growth of organisms (i. e. 
diameter of ZOI > 10) was determined by testing 5 %, 10 %, 15 % 
and 20 % extracts using pour plate method [7, 8](with 6.0 mm wells 
each with 20 µl of extract). Two µg/ 20 µl of amoxycillin was used 
for S. aureus and 10 µg for E. coli, P. vulgaris and B. cereus. The 
antibacterial activity and MIC of extracted flavonoids and saponins 
and the 70 % ethanolic extract (used for analysis of steroids and 
triterpenoids) reconstituted in 20 % ethanol; and the extracted 
tannins reconstituted in 100 % ethanol, obtained from dry male 
flowers was determined by pour plate method. The results are 
expressed as mean value of ZOI in mm + standard error. 
Antifungal (antidermatophytic) activity assay 
The antifungal activity of the extracts was tested by the methods 
prescribed by Abubacker et al (2008) and Webster et al (2008)[9, 
10]. One ml of 20 % extracts of fresh and dry entire plant, roots, 
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leaves, male flowers and fruits prepared in distilled water (DW) and 
ethanol (20 % EtOH) were added separately to four ml of SDA 
medium supplemented with cycloheximide and chloramphenicol 
obtained from Hi-Media Laboratories Pvt. Ltd., Mumbai, India [11, 
12]. 0.2 ml (about 0.25 –0.40 x 106spores/ ml) of fungal spore 
suspension of Trichophyton mentagrophytes and T. rubrum was 
transferred separately on the plates and spread evenly. 10 mg/ ml of 
Clotrimazole solution (Canesten obtained from Bayer 
Pharmaceuticals Pvt. Ltd., India) was used as standard antifungal agent. 
The plates were incubated at 30+2 0C for 21 days and they were checked 
every day for fungal growth (if any). The antifungal activity of extracted 
tannins, flavonoids, saponins and the 70 % ethanolic extract 
reconstituted in 20 % ethanol (used for analysis of steroids and 
triterpenoids) from the dry leaves and flowers was also determined. 
Study of anticancer activity 
5 % ethanolic extracts of the dry roots, leaves and male flowers 
(Sample Codes A, B and C respectively) were tested for in vitro 
anticancer activity against human lung cancer cell line - A549 
(derived from NCCS, Pune) using Sulforhodamine B assay [Gaidhani 
et al (2009)]at Advanced Centre for Treatment Research and 
Education in Cancer(ACTREC), Navi Mumbai [13]. DMSO was used as 
the vehicle by dissolving residues of the dried ethanolic extracts in it 
and 10, 20, 40 and 80 µg/ ml of these extracts were analysed. 
Adriamycin or doxorubicin was used as the positive control drug. 
The parameters reported being GI50, TGI and LC50. All the GI50 
values are averages of three experiments. 
Phytochemical screening  
Plant extracts exhibiting antimicrobial activity were screened for the 
presence of different classes of compounds including tannins, 
flavonoids, alkaloids, saponin glycosides, steroids and triterpenoids, 
carbohydrates and proteins following standard methods [14-16]. 
Extraction of tannins, flavonoids and saponins and preparation 
of extract for the analysis of steroids and triterpenoids 
The amount of total tannins was determined by following the 
method used by Brindha et al [17]. Total flavonoids and saponins 
were estimated by the methods followed by Edeoga et al [18] and 
Malu et al [19] respectively. The extract was prepared for analysis of 
steroids and triterpenoids following the method of Bai et al [20].  
The total tannin, flavonoid and saponin contents were calculated as 
follows:  
 
Separation of components by TLC 
The residues of extracted flavonoids, steroids and triterpenoids 
were dissolved in 20 % ethanol and those of tannins and saponins 
were dissolved in 100 % ethanol and used for TLC. These extracts 
were applied on TLC plates [Silica gel 60 F 254 of E. MerckKGaA] 
using CAMAG Linomat IV HPTLC applicator. The pre-saturation time 
was 45 min for tannins, 20 min for saponins and 10 min for 
flavonoids, steroids and triterpenoids.  
The run distance was 80 mm. The plates were scanned at 200 nm, 
254 nm and 366 nm before derivatization and at 366 nm and 540 
nm after derivatization. The Rf values were measured using CAMAG 
TLC scanner. The mobile phases and spraying reagents are given in 
table 1. The track positions and volume of extracts loaded on the 
TLC plates are given in table 2. 
 
Table 1: Mobile phases and spraying reagents for TLC 
Compound Mobile phase Ratio of Mobile phase Spraying reagent 
Tannins [21] Toluene: Acetone: Formic acid (85%) 6:6:1 Alcoholic FeCl3 reagent 
Flavonoids [22] Ethyl acetate: Formic acid: Glacial acetic acid: Water  10: 0.5: 0.5: 1.3 Anisaldehyde sulphuric acid reagent 
Saponins [23] Chloroform: Acetic acid: Methanol: Water  6.4: 3.2: 1.2: 0.8 Anisaldehyde sulphuric acid reagent 
Steroids [24,25] n-butanol: Methanol: Water 3: 1: 1 10% Sulphuric acid in methanol 
Triterpenoids[26] n-hexane: Ethyl acetate  1: 1 10% Sulphuric acid in methanol 
 
Table 2: Track positions and volume of extracts of H. riparia 
Sample Tannins Flavonoids, saponins, steroids and triterpenoids 
Track no. Vol. of extracts µl Track no. Vol. of extracts µl Track no. Vol. of extracts µl 
Standard 1 7 - - - - 
Leaves 2 7 1 2 2 5 
Male flowers 3 7 3 2 4 5 
 
RESULTS AND DISCUSSION 
The collected plant specimen matched with the Blatter Herbarium 
specimen no. 68527.  
Antimicrobial activity studies 
Antibacterial activity assay and determination of MIC of 
extracts 
The results of the antibacterial activity of the fresh and dry H. 
riparia are given in table 3. The aqueous, ethanolic, methanolic 
and petroleum ether extracts of entire plant, roots, leaves, male 
flowers and fruits did not inhibit the growth of any of the 
organisms tested.  
The DMSO extract of dry male flowers inhibited the growth of P. 
vulgaris and S. aureus with diameter of zone of inhibition (ZOI) being 
the highest (17.00 mm) against P. vulgaris (Table 3). The MIC values 
obtained were 200 mg ml-1 (Table 4) (Figure 1. A and B 
respectively). 
Antibacterial activity of the tannins, flavonoids, saponins and the 70 
% ethanolic extract reconstituted in 20 % ethanol (used for analysis 
of steroids and triterpenoids) obtained from the male flowers is 
given in table 5. The minimum inhibitory concentrations for tannins 
and flavonoids are given in table 6. 
It was observed that both the extracted tannins and flavonoids from 
the male flowers inhibited the growth of S. aureus, with the highest 
zone of inhibition of 12.00 mm (Table 5) for the latter. The MIC was 
found to be 40 mg ml-1 (Table 6) (fig. 1. D and E respectively). The 
growth of P. vulgaris was inhibited only by the extracted tannins 
with MIC of 50 mg ml-1 (fig. 1. F). 
Antifungal activity assay 
Aqueous extracts of dry leaves and male flowers of H. riparia 
inhibited the growth of the T. mentagrophytes among all the extracts 
tested (fig. 2. E and G respectively). The growth of T. rubrum was not 
inhibited by any of the extracts tested (Table 7). 
There are no earlier reports on the antifungal activity of H. riparia 
against the dermatophytes. The extracted tannins, flavonoids and 
saponins and the 70 % ethanolic extracts reconstituted in 20 % 
ethanol (used for analysis of steroids and triterpenoids) showed the 
inhibition of T. mentagrophytes (Table 8) (fig. 2. J to Q). 
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Table 3: Antibacterial activity of extracts of fresh and dry H. riparia expressed as diameter of Zone of Inhibition (ZOI) in mm. 
Organism Reference antibiotic 
 Amoxycillin Positive Control 
Solvent 
Control 
Entire Roots Leaves Male 
Flowers 
Fruits 
Fr Dr Fr Dr Fr Dr Fr Dr Fr Dr 
   Aqueous extracts 
E. coli 20.00 - - - - - - - - - - 7.0 
P. 
vulgaris 
18.14 - - - - - - - 10.0 10.0 - - 
S. aureus 39.57 - - - - - - - 9.0 - - - 
B. cereus 9.50 - - - - - - - - - - - 
   Ethanolic extracts 
E. coli 23.08 6.33 7.3 6.0 6.0 6.0 6.0 6.0 - - 6.0 7.0 
P. 
vulgaris 
16.57 8.0 - - 7.0 - 7.0 - 10.0 10.0 7.0 - 
S. aureus 39.29 - - - - - - - 10.0 - - 6.0 
B. cereus 10.52 6.0 6.0 - 6.0 6.0 8.0 - - - 6.0 - 
   Methanolic extracts 
E. coli 21.60 7.0 7.3 8.0 6.0 6.0 - 6.0 - 7.0 6.0 6.0 
P. 
vulgaris 
14.57 6.0 - - - - - 8.0 10.0 7.0 - 7.0 
S. aureus 39.29 - - - - - - - 10.0 - - - 
B. cereus 10.40 6.0 6.0 6.0 - 6.0 6.0 6.0 - - - 6.0 
   Petroleum ether extracts 
E. coli 21.90 6.0 6.0 6.0 6.0 6.0 - 6.0 - - - 6.0 
P. 
vulgaris 
16.57 - - - - - - - - - - - 
S. aureus 39.57 - - - - - - - - - - - 
B. cereus 14.50 6.0 6.0 6.0 - 6.0 - 6.0 - - - 6.0 
   DMSO extracts 
E. coli 19.00 6.0 6.0 - 6.0 - 6.0 - - 8.0 - - 
P. 
vulgaris 
13.29 - - - - - 7.0 7.0 10.0 17.0 - 7.0 
S. aureus 39.14 - - - - - - 6.0 11.0 12.0 - 7.0 
B. cereus 10.00 6.0 9.0 6.0 6.0 7.0 10.0 8.6 10.0 6.0 6.0 9.0 
 
Table 4: Determination of MIC of extracts of male flowers of H. riparia*. 
Male Flowers Amoxycillin Solvent control DMSO extracts 
5% 10% 15% 20% 
   P. vulgaris 
Dry  13.67+1.45 - 8.00+0.00 9.67+0.66 11.00+0.58 12.00+0.58 
   S. aureus 
Fresh 25.00+0.00 - 10.67+0.33 11.00+0.00 11.33+0.33 11.33+0.33 
Dry 26.00+0.00 - 9.33+0.33 10.00+0.58 10.00+0.58 11.33+0.33 
* - Values in the table are ZOI in mm with + standard error. 
 
Table 5: Antibacterial activity of 70 % ethanolic extracts and extracts of tannins, flavonoids and saponins of male flowers. 
Organism Amoxycillin Solvent 
Control 
ZOI in mm 
Tannins in 
100% ethanol 
Flavonoids in 20% 
ethanol 
Saponins in 20% 
ethanol  
70% ethanolic extract 
reconstituted in  
20% ethanol  
P. vulgaris 21.33 - 11.00 - - - 
S. aureus 27.25 - 11.00 12.00 - 8.00 
 
Table 6: Determination of MIC of the extracted tannins and flavonoids (Diameter of ZOI in mm)*. 
Extract of 
compound 
Organism Amoxycillin Solvent 
Control 
1% 2% 3% 4% 5% 
Tannins P. vulgaris 15.00+0.00 - 9.67+0.66 10.00+1.00 11.00+0.58 11.00+1.00 11.67+0.66 
S. aureus 27.67+0.33 - 10.33+0.33 11.33+0.33 12.00+0.00 12.33+0.33 12.33+0.33 
Flavonoids S. aureus 23.33+1.26 - 9.00+0.00 10.00+0.00 10.67+0.33 11.67+0.33 11.67+0.33 
* - Values in the table are with + standard error. 
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Table 7: Antifungal activity of extracts of fresh and dry entire plant, roots, leaves, male flowers and fruits of H. riparia 
Plant material Control T. mentagrophytes T. rubrum 
C1 
(SDA+Ci* 










C5 (C1 + Extracts) 
DW 20% EtOH DW 20% EtOH 
Fr Dr Fr Dr Fr Dr Fr Dr 
Entire - + - - - - - - - - - - 
Roots - + - - - - - - - - - - 
Leaves - + - - - + - - - - - - 
Male flowers - + - - - + - - - - - - 
Fruits - + - - - - - - - - - - 
* = Cycloheximide, † = Chloramphenicol –, ‡= Ethanol, Fr = Fresh, Dr = Dry, + = Inhibition of dermatophytes, - = No inhibition of  dermatophytes 
 
Table 8: Antifungal activity of 70 % ethanolic extracts and the extracted tannins, flavonoids and saponins from the dry leaves and male 
flowers 
Extracts of compounds Control T. mentagrophytes 








(C1+ 20% EtOH) 
 
C4 
(C1 + Extracts in 
20% EtOH) 
 
Leaves Male flowers 
Tannins - + - + + 
Flavonoids - + - + + 
Saponins - + - + + 




Fig. 1: MIC of DMSO extracts of male flowers and extracted tannins and flavonoids against the growth of P. vulgaris and S. aureus. 
 
 
(Ci= Cycloheximide, Cii = Chloramphenicol, Clo = Clotrimazole, DW = Distilled water, TM- T. mentagrophytes) 
A. SDA + Ci + Cii, B. SDA+ Ci + Cii + TM, C. SDA +Ci + Cii + TM + DW D. SDA + Ci + Cii + TM + Clo, E. SDA + Ci + Cii + TM + DW extract of dry leaves, F. SDA + 
Ci + Cii + TM + DW extract of fresh leaves, G. SDA + Ci + Cii + TM + DW extract of dry male flowers, H. SDA + Ci + Cii + TM + DW extract of dry fruits, I. SDA 
+Ci + Cii + TM + 20% EtOH, J. SDA + Ci + Cii + TM + tannins extracted from dry leaves, K. SDA + Ci + Cii + TM + flavonoids extracted from dry leaves, L. 
SDA + Ci + Cii + TM + saponins extracted from dry leaves, M. SDA + Ci + Cii + TM + 70 % EtOH extract of dry leaves reconstituted in 20 % EtOH, N. SDA + 
Ci + Cii + TM + tannins extracted from dry male flowers, O. SDA + Ci + Cii + TM + flavonoids extracted from dry male flowers, P. SDA + Ci + Cii + TM + 
saponins extracted from dry male flowers, Q. SDA + Ci + Cii + TM + 70 % EtOH extract of dry male flowers reconstituted in 20 % EtOH 
Fig. 2: Fig. 2: Effect of aqueous extracts of leaves and male flowers and extracted tannins, flavonoids, saponins and 70 % EtOH extracts on 
the growth of T. mentagrophytes. 
     E. flavonoids 
         (S. aureus) 
 
 
Study of anticancer activity 
The anticancer activity of the ethanolic extracts of roots, leaves and 
male flowers showed following results: 
Table 9 shows that adriamycin showed 1.7 % of control growth of 
human lung cancer cell line A549 at 80 µg/ ml of drug concentration. 
However, the roots, leaves and flowers of H. riparia (Samples A, B 
and C respectively) showed 88.8 %, 66.1 % and 87.8 % respectively 
of control growth at 80 µg/ ml. The GI50 value of <10 in case of 
adriamycin indicated anticancer activity.  
GI50 value of ≤ 20µg/ml is considered to demonstrate activity in 
case of extracts. The GI50 values obtained for the extracts of roots, 
leaves and flowers of H. riparia were > 80, indicating lack of 
demonstration of activity (Table 10). However, Spjut et al (2005) 
had observed the antitumour activity of H. riparia against Walker 
Carcinoma 256 tumours in the National Cancer Institute (NCI) 
Chemotherapy Screening Program [28]. Shu-min et al (2007) also 
isolated aleuritolic acid from the ethyl acetate extract of the roots 
which exerted weak activity against AGZY 83-a (human lung cancer 
cells) [4]. 
 




(% Control Growth) 
Experiment 1 Experiment 2 Experiment 3 Average Values 
10 20 40 80 10 20 40 80 10 20 40 80 10 20 40 80 
A 100.0 94.4 88.9 86.6 94.3 93.7 90.7 89.6 96.2 91.2 91.1 90.1 96.8 93.1 90.2 88.8 
B 82.8 81.5 80.7 67.8 87.5 83.1 76.5 64.0 92.3 87.7 76.0 66.7 87.5 84.1 77.7 66.1 
C 100.0 88.6 84.9 83.7 92.6 91.2 90.6 90.3 100.0 98.2 94.5 89.5 97.5 92.7 90.0 87.8 
ADR 8.6 4.3 3.9 2.6 9.0 5.6 4.4 1.5 26.2 7.5 5.9 1.2 14.6 5.8 4.7 1.7 
*A – Roots, B- Leaves, C- Male flowers, ADR- Adriamycin 
 
Table 10: LC50, TGI and GI50 values of the extracts of H. riparia 
 Drug concentrations (µg/ml) calculated from graph 
A549 LC50 TGI GI50 
A >80 >80 >80 
B >80 >80 >80 
C >80 >80 >80 
ADR >80 62.6 <10 
 
Phytochemical screening 
The preliminary phytochemical tests of extracts of leaves and male 
flowers of H. riparia were positive for tannins, flavonoids, saponin 
glycosides, steroids and triterpenoids, carbohydrates and proteins. 
Patil et al (2014) reported the presence of phenolics, alkaloids, fatty 
acids, lignin, resins, flavones, quinones, anthraquinones, cardiac 
glycosides, in addition to these compounds in the dry leaves of H. 
riparia [27]. There are no reports on the phytochemical analysis of 
male flowers. 
Extraction and estimation of tannins, flavonoids and saponins 
Since the crude extracts of leaves and male flowers showed presence 
of tannins, flavonoids and saponins, these compounds were 
extracted and their total contents were determined (Table 11). 
Separation of components by TLC 
The results of TLC for separation of components are mentioned in 
Tables 12 and 13. 
 
Table 11: Total tannin, flavonoid and saponin contents in dry leaves and male flowers of H. riparia 
Plant material Total tannin content (%) Total flavonoid content (%) Total saponin content (%) 
 Leaves 1.80  31.16  6.65  
Male flowers 11.26  24.64  9.05  
Table 11 showed that the tannin and saponin contents in the male flowers were found to be more (11.26 % and 9.05 % respectively) than its leaves (1.80 % 
and 6.65 % respectively). On the other hand, it was observed that the leaves showed 31.16 % of flavonoids where as, the flowers had 24.64 % flavonoids. 
 
Table 12: Number of bands observed in the TLC of compounds of H. riparia 
Plant material 
 











Leaves 9 8 9 9 1 
Male flowers 5 7 11 6 2 
 
Table 13: Common components in the extracts of leaves and male flowers of H. riparia on TLC plates 








Tables 12 and 13 indicate that several components of tannins (fig. 
3), flavonoids (fig. 4), saponins (fig. 5), steroids (fig. 6) and 
triterpenoids (fig. 7) are present in the extracts of both leaves and 
male flowers. Parveen et al (1988) had isolated gallic acid, 




Fig. 3: Separation of tannins by TLC Fig. 4: Separation of flavonoids by TLC 
  
Fig.5: Separation of saponins by TLC Fig. 6: Separation of steroids by TLC 
 
Fig. 7: Separation of triterpenoids by TLC 
 
CONCLUSION 
Present study shows that the DMSO extract of the dry male flowers 
of H. riparia inhibited the growth of P. vulgaris and S. aureus with 
MIC of 200 mg ml-1. The DMSO extract of fresh flowers exhibited the 
inhibition of growth of S. aureus with MIC value of 150 mg ml-1. The 
aqueous extracts of dry leaves and male flowers inhibited the 
growth of T. mentagrophytes. The phytochemical analysis of these 
extracts indicated that the tannin and saponin contents were highest 
in male flowers whereas, the flavonoid content was highest in the 
leaves. TLC of extracted tannins showed presence of 5 common 
components, flavonoids 5, saponins 6, steroids 5 and the 
triterpenoids showed 1 common component in the leaves and 
flowers. Further studies on the isolation of the chemical compounds 
present in this plant should be carried out to test their antibacterial 
and antidermatophytic potential. 
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